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REMARKS 

The Office Action dated September 26, 2003 has been received and carefully 
noted. The above amendments and the following remarks are submitted as a full and 
complete response thereto. By this Amendment, claim 1 has been amended and new 
claims 2-7 have been added. A substitute Specification is attached. The specification 
has merely been amended to provide consistency with the claim amendments. No new 
matter has been added or amendments made that narrow the scope of any elements of 
any claims. Accordingly, claims 1-7 are pending in this application and are submitted 
for consideration. 

The Abstract has been amended to conform to the requirements of 37 C.F.R. 
§ 1.72(b). 

Claim 1 is rejected under 35 U.S.C. § 102(e) as being anticipated by Grieve et al. 
(U.S. Patent No. 2002/0136939, "Grieve"). 

However, according to MPEP § 201.15, a priority claim can be perfected where 
the Applicants file a certified copy and verified translation of the foreign priority 
document. The foreign priority date of the present invention is June 12, 2000, which is 
prior to the February 15, 2001 issue date of Grieve. Therefore, Applicants hereby 
submit a verified English translation of the foreign priority document, Japanese Patent 
Application No. 2000-176030, under 37 C.F.R. § 1.55(a). A certified copy of the priority 
document was filed on June 4, 2001. The Examiner acknowledged receipt of the 
priority document in the Office Action dated September 26, 2003. Therefore, the 
Examiner is respectfully requested to review the document and to withdraw the rejection 
in view of the fact that the cited reference is not prior art under 36 U.S.C. § 102. 
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In view of the above remarks, because Grieve is not a valid prior art reference 
under 35 U.S.C. § 102 or 35 U.S.C. § 103(a), it is respectfully requested that the 
rejection be withdrawn. 

Newly added claims 2-7 further define the invention, and it is also submitted that 
these claims are also patentable over Grieve, for at least the reasons stated above. 

In view of the foregoing, reconsideration of the application, withdrawal of the 
outstanding rejections, allowance of claims 1-7, and the prompt issuance of a Notice of 
Allowability are respectfully solicited. 

If this application is not in condition for allowance, the Examiner is requested to 
contact the undersigned at the telephone listed below. 

In the event this paper is not considered to be timely filed, the Applicants 
respectfully petition for an appropriate extension of time. Any fees for such an 
extension, together with any additional fees that may be due with respect to this paper, 
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may be charged to counsel's Deposit Account No. 01-2300, referencing docket 
number 107439-00043. 



Respectfully submitted, 
ARENT FOX KINTNER PLOTKIN & KAHN PLLC 
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MARKED-UP COPY OF SPECIFICATION 



CONTROL DEVICE FOR STARTING FUEL CELL VEHICLE 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a control device for starting a fuel cell vehicle, 
and in particular, relates to a technique for starting the fuel cell in a hybrid-type 
power source device provided with a power storage unit for assisting a power 
supply from the fuel cell. 

Description of the Related Art 

Conventionally, a hybrid-type fuel cell power generation system is known, 
which comprises a fuel cell and a power storage unit such as a battery or a 
capacitor (electric double layer capacitor or condenser) in order to compensate 
the output responsiveness of the fuel cell, which is driven by a fuel gas supply. 
The fuel cell vehicle is installed with a solid polymer-type fuel cell, which is 
composed of a plurality of cells, each of which is formed by sandwiching a solid 
polymer electrolyte membrane corresponding to a solid polymer ion exchange 
membrane between an anode and a cathode. 

In the above conventional hybrid-type fuel cell power generation system, 
when starting the fuel cell, first, air is supplied to a pressure control valve at the 
fuel side, for example, and fuel gas is supplied to the fuel electrode in response 
to air pressure supplied to the pressure control valve. 



Thus, before starting the fuel cell, the power storage unit supplies electric 
driving power to the compressor which supplies air. In addition to auxiliary 
devices for driving the fuel cell, the power storage unit supplies electric power to 
the motor for driving the vehicle when the vehicle starts immediately after the 
start of the fuel cell, so that the power stored in the power storage unit is 
reduced, and the voltage between both terminals of the power storage unit is 
reduced. 

When the fuel cell is connected to the power storage unit, whose voltage 
between both terminals has been reduced, a large current rapidly flows from the 
fuel cell to the power storage unit. In the course of translating the voltage 
between both terminals of the fuel cell and the power storage unit into a balanced 
state, the voltage between both terminals of the fuel cell is reduced. Then, the 
fuel cell is in danger of losing hydrogen or the water content in the solid polymer 
electrolyte film, or of experiencing a decrease in the durability of the fuel cell. 

As described above, if the fuel cell is connected to the capacitor under a 
condition that the terminal voltage of the capacitor greatly differs from the 
terminal voltage of the fuel cell (output voltage of the fuel cell) at the time, for 
example, of starting the fuel cell, a large current may flow, which may cause a 
danger that the performance or the durability of the fuel cell will become 
deteriorated. 
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SUMMARY OF THE INVENTION 

In the conven tional fuel cell power source device, when the fuel cell is 
being started, air is fir st supplied to the pressure control valve for supplying fuel. 
and fuel supply is sta rted in response to the air pressure supplied to the pressure 
control valve. 

Thus, prior to activation of the fuel cell, a driving electric power is supplied 
to the fuel supply devi ce such as an air compressor. In addition to the activation 
of the fuel cell drivin g auxiliary machines and various control devices, electric 
power is supplied fro m the capacitor to the propulsion motor, which is driven 
immediatel y after starting the fuel cell vehicle, which results in reducing the 
capacitor energy causing depression of the terminal voltage of the capacitor. 

If the capacitor, in which terminal voltage has been depressed, and the 
fuel cell are connect ed, a laroe current flows from the fuel cell towards the 
capacitor, the terminal voltage of the fuel cell is reduced in the course of 
recovering both termin al voltages of the fuel cell and the capacitor to an 
eguilibrium voltage. When the terminal voltage of the fuel cell is depressed, the 
performance or the l ong-term stability of the fuel cell are in risk of being 
deteriorate d, or hydrogen and water in the solid polymer electrolyte membrane 
are in danger of being evaporated. 

As described above, when the fuel cell and the capacitor are connected to 
each other under conditions that the terminal voltage of the capacitor is far below 
the terminal voltage of the fuel cell, a large current flows from the fuel cell to the 
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capacitor, which mav cause a danger to the performance and long-term stability 
of the fuel cell will be deteriorated. 

The present invention is was made in order to solve the above problems 
and an object of the present invention is to provide a control device for starting 
the fuel cell vehicle and which is capable of preventing an excessive reduction of 
the voltage between both terminals of the fuel cell. 

One aspe ct of the The present invention provides a control device 
apparatus for starting a fuel cell vehicle comprising: a fuel cell (for example, a 
fuel cell 1 1 in the embodiment) fer- supplying electric power to a load (for 
example, driving motor 13. PDU 14. and air compressor 15. etc. in the 
embodiment) : a capacitor (for example, power storage unit 12 in the 
embodiment) a powor ctorago un i t for assisting the supply of electric power to 
sate the load and for storing generated energy of sate the fuel cell; a fuel cell 
driving device (for example, air compressor 15 in the embodiment) for supplying 
reaction gases (for example, hydrogen gas and air in the embodiment) and for 
driving sate the fuel cell; and a current limiting device (for example, a secondary 
precharge circuit 17 in the embodiment) for limiting an output current (for 
example, o utput current Ifc in the embodiment) from sate the fuel cell; wherein, at 
the time of starting the fuel cell, said powor storage unit the capacitor supplies 
electric energy to sate the fuel cell driving device and sate the current limiting 
device prohibits the fuel cell from outputting an output current until an output 
voltage (for example, output voltage Vfc in the embodiment) of sate the fuel cell 
reaches a predetermined voltage, and, after sate the output voltage rises to more 
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than the predetermined voltage (for example. Vmot^ Vst^Vfc in the 
embodiment), said the current limiting device limits said the output current of said 
the fuel cell to below a predetermined current value until the difference between 
said the output voltage of said the fuel cell and a terminal voltage of said the 
powor storage un i t capacitor (for example, terminal voltage Vst in the 
embodiment) reaches a predetermined voltage difference (for example- 
predetermined voltage difference AV in the embodiment) . 

According to the above constitution of the control apparatus for starting a 
fuel cell vehicle, since the output current of the fuel cell is limited at the time of 
starting the fuel cell, it is possible to prevent the terminal voltage of the fuel cell 
from reducing rapidly. 

That is. at the t ime of starting the fuel cell, air is supplied to the pressure 
control dev ice for supplying fuel to the fuel electrode of the fuel cell in addition to 
the air electrode of th e fuel cell. In this case, the capacitor supplies electric 
power to the fuel cell driving device and the terminal voltage of the capacitor 

reduces. By providin g a primary precharoe circuit, which is provided with a 

resistor ha ving a relatively high resistance, the capacitor can output a limited 
current to the fuel cell driving device or the power drive unit of the driving motor 
through th e resistor, to thereby prevent the fuel cell from generating large output 
current. 

In the above case, the DC-DC chopper prohibits the output current flowing 
from the fu el cell until the output voltage of the fuel cell reaches a predetermined 
voltage, and, the DC-DC chopper limits the output current flowing from the fuel 
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cell, even after the output voltage of the fuel cell has been reached to a 
predetermined voltag e, thereby, it is possible for a large current to flow from the 
fuel cell to the capacitor. 

The above me chanism prevents a large current from flowing from the fuel 
cell to the capacitor until the voltage difference between the terminal voltage of 
the fuel cell and the terminal voltage of the capacitor become less than a 
predetermined value. Thus, in that period, the capacitor is gradually charged bv 
a limited current from the fuel cell, and the terminal voltage of the capacitor 
approache s to the terminal voltaoe of the fuel cell. Therefore, it is possible to 
prevent evaporation of water or hydrogen from the solid polvmer electrolyte 
membrane of the fuel cell and also to prevent the fuel cell from losing long-term 
stability, w hich contributes to maintain the performance and long-term stability. 

Bv the use of t he DC-DC chopper as a current limiting device, it becomes 
possible to control the output current of the fuel cell bv changing a duty ratio of a 
pulse curr ent which is input for controlling the chopping operation, and to reduce 
a time peri od until both terminal voltages of the fuel cell and the capacitor attain 
an eouilibri um while preventing a rapid drop of the terminal voltage of the fuel 
cell. 

The second a spect of the present invention provides a fuel cell power 
source sy stem comprising: a fuel cell for supplying electric power to a load, an 
electric po wer storage device for assisting supply of electric power to the load. 
and a switc hing device (for example, a DC-DC chopper 17a in the embodiment), 
disposed between the fuel cell and the capacitor, for switching connection or 
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disconnection of the fu el cell with the capacitor; and a control device ( for 
example, a control por tion 17b in the embodiment) for controlling the switching 
device, wherein when the fuel cell is being connected to the capacitor, the 
control device detects the voltage difference between a terminal voltage of the 
capacitor (for exampl e, a terminal voltaoe of the capacitor Vst in the 
embodiment) and a ter minal voltaoe of the fuel cell (for example, a terminal 
voltage of the fuel cell Vfc in the embodiment), when the voltage difference is 
larger than a predete rmined value, the control device executes a chop ping 
control of the switching device. 

The third aspect of the present invention provides a fuel cell power source 
system comprising: a fuel cell for supplying electric power to a load, a capacitor 
for assisting supply of electric power to the load, a connecting device (for 
example, a DC-DC ch opper 17a and a current limiting device 16b in the 
embodiment), disposed between an output end of the fuel cell and the capacitor, 
for connecting an output end of the fuel cell and the capacitor, and a control 
device (for example, a control device 17b and a fuel cell control device 32 in the 
embodiment) for contr olling the connecting device as to whether the fuel cell is 
connected or disconnect ed with the capacitor, wherein when the fuel cell is being 
connected to the capa citor, the control device detects the voltage difference 
between the terminal vol taoe of the fuel cell (for example, a terminal voltage of 
the fuel cell Vfc in the e mbodiment) and the terminal voltaoe of the capacitor (for 
example, a terminal volt age of the capacitor Vst in the embodiment), and when 
the voltage difference is larger than a predetermined value, the control device 
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controls the connecting device so as to limit an amount of a current (for exam ple, 
an output current Ifc i n the embodiment) flowing from the fuel cell to the 
capacitor. 

The fourth aspect of the pr esent invention provides the fuel cell power 
source sy stem, wherein the control device connects the fuel to the capacitor after 
the fuel cell has been activated. 

The fifth aspect of the present invention provides a fuel cell power source 
system which comprises a control devic e comprising a primary orecharoe circuit 
(for exa mple, a primary precharoe circuit 16 in the embodiment), disposed 
downstre am of the capacitor, comprising a switching device (for example, a 
switching device 16a in the embodime nt) and a current limiting device ( for 
example, a current limiting device 16b i n the embodiment), and a secondary 
prechar g e circuit (for example, a secondary precharoe circuit 17 in the 
embodime nt), disposed downstream of the fuel cell, comprising a chopping 
device (for example, a DC- DC chopping device 17a in the embodiment) and a 
choppe r control device (for example, a chopper control device 17b in the 
embodiment), wherein w hen the voltage difference between the terminal voltaoe 
of the f uel cell and the terminal voltage of the capacitor exceeds a predetermined 
value, the current limiting device of the primary precharoe circuit and the DC-DC 
chop per of the secondary precharoe circuit control an amount of current flowing 
from the fuel cell flowing to the capacitor, and when a voltaoe difference between 
the terminal voltaoe of th e fuel cell and the terminal voltage of the capacitor is 
reduced below the pred etermined value, the primary precharoe circuit and the 
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secondary precharqe circuit allow current flowing from the fuel cell to the 
capacitor and to the load- 
As shown in Fig. 3. the control apparatus includes a DC-DC chopper 1 Ta- 
in which ON/OFF of the transistor TR is controlled bv supplying a pulse current to 
the base of the transistor. The control device 17b changes the duty ratio of the 
pulse current (the ratio of ON/OFF) so as to extend the OFF state of the 
transistor. 

The sixth aspect of the present invention provides a method for controlling 
start of a fuel cell vehicle, the fuel cell having a fuel cell provided with a fuel cell 
driving device for supplying electric power to a load, an electric power storage 
device for assisting supply of electric power to the load, the control apparatus for 
controlling the fuel cell power source system having a primary precharqe circuit 
disposed downstream of the capacitor, comprising a switching device and a 
current limiting device; and a secondary precharge circuit disposed downstream 
of the capacitor, comprising a DC-DC chopper and a chopper control device, the 
control method comprising the steps of opening the switching device of the 
primary, precharge circuit when the terminal voltage of the capacitor and the 
terminal voltage of the load reach an equilibrium voltage after supplying a limited 
current from the capacitor through the current limiting device (for example, a 
current limiting device 16b in the embodiment), activating the fuel cell bv 
activating the fuel cell driving device bv supplying fuel to the fuel cell, detecting a 
voltage difference between the terminal voltage of the fuel cell and the terminal 
voltage of the capacitor, executing a chopping control of the output current of the 
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fuel cell by the DC-DC chopper when t he voltaoe difference exrapds » 
predeter mined value when the voltage difference is reduced to he less than a 
predetermined value, and supplying the output current from the fuel cell to the 
load when the voltage d ifference is reduced below a predetermined vaI.ip 

The seventh aspect of the present invention provides a method of 
controlling a fuel cell power source syste m , the fuel cell power source system 
having a fuel cell provided with a fuel cell d riving device f or supplying eler.trir 
power to a load, a capacitor for assist ing supply of electric power to a load 
including a driving motor, and a control a pparatus for controlling the fuel tpM 
power source system having a primary or e charoe circuit disposed downstream of 
the capacitor, comprising a switching de v ice and a current limiting device: and a 
secondary precharge circuit disposed do w nstream of the capacitor, comprising a 
DC-DC chopper and a chopper contr o l device, wherein the control method 
comprises the steps of detecting a voltao e difference between a terminal voltaoe 
of the capacitor and a terminal voltaoe of the fuel cell, limiting the output n.rmnt 
of the fuel cell by the DC-DC chopper of the secondary nrecharoe circuit wh^n 
the voltage difference exceeds a pr edetermined value, and opening the 
secondary precharge circuit to supply the output current from the fuel cell to thP 
capacitor and to the load when the seco n d voltaoe difference reduces to be less 
than a second predetermined difference. 

The fuel cell control device 32 o utputs a rotation number command value 
N as the driving order to the auxiliary dev i ces and also controls the primary and 
secondary precharge circui ts 16 and 17. and controls the contact points of relays 
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provided at the high voltage switch 16a and current limiting device 16 in the 
primary precharge circuit 16 and also outputs the current command value 
IFCCMD as the switching command for the chopper 17 so as to make the DC- 
DC chopper in the secondary precharoe circuit execute the chopping control of 
the output current. This chopping control of the output current controls the time 
period for the terminal voltages of both the capacitor and the fuel cell to reach an 
eguilibrium. Moreover, the chopping control by the DC-DC chopper easily limits 
the current generated bv the fuel cell bv changing the duty ratio of the pulse 
current, so that it is possible to reduce the time period until both terminal voltages 
of the fuel cell and the capacitor reach an eguilibrium voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagram showing the structure of a fuel cell vehicle provided 
with a control device for starting the fuel cell vehicle. 

Fig. 2 is a diagram showing the main structure of a control device for 
starting the fuel cell vehicle shown in Fig. 1 . 

Fig. 3 is a diagram showing a constitution of a DC-DC chopper. 

Fig. 4 is a flowchart showing the operation of the control device for starting 
the fuel cell vehicle shown in Fig. 1 . 

Fig. 5 is a graph showing the time-dependent change of an output voltage 
Vfc and an output current Ifc of the fuel cell, a terminal voltage Vst of the power 
storage unit, and a connection flag of the high voltage switch. 
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DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, an embodiment of a control device for starting the fuel cell 
vehicle is described with reference to the attached drawings. Fig. 1 is a diagram 
showing the structure of a fuel cell vehicle provided with a control device for 
starting the fuel cell vehicle. Fig. 2 is a diagram showing the main structure of a 
control device for starting the fuel cell vehicle shown in Fig. 1 . Fig. 3 is a diagram 
showing a constitution of a DC-DC chopper. 

A fuel cell vehicle 1 of this embodiment is provided with a hybrid-type 
power source device including a fuel cell 11 and a power storage unit 12, and a 
driving motor 13 for driving the vehicle generates driving power by receiving 
energy from the power source device; the driving power generated by the motor 
is transmitted to the driving wheels through a transmission T/M, which is 
constituted by either one of an automatic transmission or a manual transmission. 
When the driving power is transmitted from the driving wheels to the driving 
motor 13 during deceleration of the fuel cell vehicle, the driving motor acts as a 
generator and generates what is called regenerative braking power, and the 
kinetic energy of the vehicle is recovered as electric energy. 

A control device 10 for starting the fuel cell vehicle according to the 
present embodiment comprises, for example, a fuel cell 1 1 , a power storage unit 
12, a driving motor 13, a PDU (Power Drive Unit) 14, an air compressor 15 as 
one of the auxiliary devices of the fuel cell, a primary precharge portion 16, a 
secondary precharge portion 17, and an ECU 18. 
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The driving motor 13 is formed of a permanent magnet type three-phase 
AC (alternating current) motor utilizing, for example, a permanent magnet as a 
field system, and the driving motor is controlled by three-phase AC power 
supplied by the PDU 14. 

The PDU 14 is provided with a PWM inverter constituted by a switching 
element such as an IGBT and the like, and the PDU 14 converts a DC voltage 
output from the fuel cell 11 and the power storage unit 12 into three-phase AC 
power to be supplied to the driving motor 13. 

The fuel cell 1 1 is constituted by a stack of cells, each of which is formed 
by sandwiching both side surfaces of a solid polymer electrolyte film between an 
anode and a cathode, and the fuel cell comprises a hydrogen electrode, to which 
hydrogen is supplied as a fuel, and an air electrode, to which air containing 
oxygen as an oxidizing agent is supplied. The fuel cell 11 is constituted such that 
hydrogen ions, generated by a catalytic reaction at the anode, pass the solid 
polymer electrolyte film and reach the cathode, wherein the hydrogen ions 
generate electric power by an electrochemical reaction with oxygen. 

A fuel supply portion 21 connected to the fuel electrode side of the fuel cell 
11 comprises a pressure control portion 22 for supplying hydrogen gas at air 
pressure in response to a control signal output from the ECU 18 or in response to 
air pressure supplied from an air compressor 15 as a signal pressure. 

The air compressor 15 connected to the air electrode side of the fuel cell 
1 1 not only supplies air to the air electrode, but also supplies air as a signal 
pressure for the pressure control portion 22 constituted by a pressure flow control 
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valve. In order to execute the above operation, a number of rotations command 
value N of the motor for controlling the number of rotations of the motor, which 
drives the air compressor 15, is input into a control portion 23 of the air 
compressor 15. 

The power storage unit 12 is a capacitor such as an electric double-layer 
capacitor or an electrolytic capacitor. In addition, the fuel cell 1 1 and the power 
storage unit 12 are connected in parallel to the driving motor 13, which 
constitutes an electric load. 

Fig. 2 is a diagram showing the main structure of a control device for 
starting the fuel cell vehicle shown in Fig. 1. The control device is used to 
prevent an excessive reduction of the terminal voltage of the fuel cell at the time 
of starting the fuel cell. 

A primary precharge portion 16 is disposed at the output side of the power 
storage unit 12, and a secondary precharge portion 17 is disposed at the output 
side of the fuel cell 1 1 . 

As shown in Fig. 2, the primary precharge portion 16 is constituted by a 
high voltage switch 16a and a current limiter 16b, and when the current to be 
supplied to the electric load such as the driving motor 13 becomes large, then the 
high voltage switch 16a is released, and the current is made to flow through a 
resistor 16c having a predetermined resistance by closing the current limiter 16b. 

Thus, the high voltage switch 16a is provided with relays, which are 
connected to the respective output terminals of the positive and negative 
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electrodes and are controlled by a control signal output from the ECU 18 for 
opening and closing the high voltage switch 16a. 

The current limiter 16b is provided with relays, which are connected in 
parallel to the high voltage switch 16a and which are also connected to 
respective output terminals of the positive and negative electrodes, and a resistor 
16c with a predetermined resistance, so that the current output from the power 
storage unit 12 is supplied to the PDU 14 through the resistor 16c. 

The secondary precharge portion 17 is constituted by a DC-DC chopper 
17a and a control portion 17b, and controls the output current Ifc from the fuel 
cell 11 based on the current command value IFCCMD, that is, the generation 
command to the fuel cell 1 1 . 

As shown in Fig. 3, the DC-DC chopper 17a controls the ON/OFF 
operation of a transistor TR by supplying a pulse current to the base of the 
transistor TR from the control portion 17b, for example. The control portion 17b 
controls the output current by changing the duty ratio of the pulse current such 
that the OFF state of the transistor TR becomes longer with an increase in the 
output current. 

Note that a diode is disposed between the primary charge portion 16 and 
the secondary charge portion 17 in order to prevent a countercurrent from flowing 
from the power storage unit 12 to the fuel cell 1 1 . 

In addition, as shown in Fig. 1 , the control portion 23 of the air compressor 
15, in addition to the PDU 14, is connected in parallel to the fuel cell through the 
secondary precharge portion 17. 
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A 12-V auxiliary battery 24 for driving various control devices of the fuel 
cell vehicles and accessory devices is provided with a DC-DC converter 25, for 
example, which charges the auxiliary battery 24 after reducing the DC voltage 
supplied from the fuel cell through the secondary precharge portion 17. 

In addition, a control device 27 of a motor 26 for driving the air conditioner 
is connected in parallel with the fuel cell 11 through the secondary precharge 
portion 17, and the control device 27 converts DC electric power output from the 
fuel cell 11 and the power storage unit 12 into AC power to be supplied to the 
motor 26. 

The ECU 18 is constituted by a motor ECU 31, a fuel cell control portion 
32, and a power storage unit control portion 33, for e axmp l o example . 

The motor ECU 31 controls the power conversion operation of the PWM 
inverter provided in the PDU 14, and outputs switching commands such as a U 
phase AC voltage command value *Vu, a V phase AC voltage command value 
*Vv, and a W phase AC voltage command value *Vw. The motor ECU 31 then 
makes the PDU 14 output a U phase current lu, a V-phase current Iv, and a W- 
phase current Iw in response to these voltage command values *Vu, *Vv, and 
*Vw to respective phases of the driving motor 1 1 . 

The motor ECU 31 accepts various input signals, such as a signal of an 
accelerator operational amount 0Th related to an amount of depression of the 
accelerator by the driver, for example, a signal of a magnetic pole position 
(electric angle) output from an angular velocity detector 35 provided in the driving 
motor for detecting the magnetic pole position, signals of the respective phase 
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currents lu, Iv, and Iw supplied from the PDU 14 to the driving motor 11, a signal 
of a motor current Imotor as a DC current component, and a signal of a supply 
voltage Vdc-in supplied to the PDU 14. 

The fuel cell control portion 32 outputs the number of rotation command 
value N as a command for driving the auxiliary devices for driving the fuel cell 
such as the air compressor 1 5, and also controls the operations of the primary 
and secondary precharge portions 16 and 17. That is, the fuel cell control portion 
32 controls the operations of the contact points of relays arranged in the high 
voltage switch 16a and the current controller 16b of the primary precharge 
portion 16. The fuel cell control portion 32 also outputs a current command value 
IFCCMD to the DC-DC chopper 17a of the secondary precharge portion 17 as a 
switching command. 

The fuel cell control portion 32 accepts various input signals, such as a 
signal of an output request value *P for the driving motor 13 and an output value 
P from the driving motor 13, a signal of a motor current Is/c of a motor for driving 
the air compressor 15 output from the control portion 23, a signal of the output 
current Ifc and output voltage Vfc from the fuel cell 1 1 , both output from the 
secondary precharge portion 17, a DC voltage signal output from the DC-DC 
chopper 17a of the secondary precharge portion 17, and a signal of an output 
current value lout-Total output from a current detector 36 disposed between the 
primary and secondary precharge portions 16 and 17. 
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The power storage unit control portion 33 calculates the state of charge 
(SOC) of the power storage unit 12, for example, and outputs the calculation 
results to the motor ECU 31 and the fuel cell control portion 32. 

In order to execute the above operation, the power storage unit 33 
accepts signals such as signals with respect to an output current 1st, a voltage 
Vst between terminals, and a temperature of the power storage unit 12. 

That is, as shown in Fig. 2, the ECU 18, which controls the current limiting 
control of the primary and secondary precharge portions 16 and 17, accepts 
various signals such as a signal from a first current detector 41 which detects the 
output current 1st from the power storage unit 12, a signal from a first voltage 
detector 42 for detecting the terminal voltage Vst between the terminals of the 
power storage unit 12, a signal from a second current detector 43 for detecting 
an output current Ifc from the fuel cell 11, a signal from a second voltage detector 
44 for detecting an output voltage Vfc of the fuel cell 1 1, and a signal from a third 
voltage detector 45 for detecting a motor voltage V MOT of the driving motor 13. 

The control device 10 for starting the fuel cell vehicle according to the 
present embodiment is constituted as described above, and the operations of the 
control device for starting the fuel cell vehicle, particularly the current limiting 
control of the primary and secondary precharge portions 16 and 17 are explained 
below with reference to the attached drawings. 

Fig. 4 is a flowchart showing the operation of the start control device 10 of 
the fuel cell vehicle, and Fig. 5 is a graph showing changes of the output voltage 
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Vfc and the output current Ifc of the fuel cell 11, and the terminal voltage Vst of 
the power storage unit 12 and the connection flag of the high voltage switch 16a. 

For example, at the time of starting the vehicle, the fuel cell 1 1 , the power 
storage unit 12, and the PDU 14 are disconnected from each other, so that the 
output voltage Vfc, the terminal voltage Vst, and the motor voltage V MO t show 
individual and different values. 

First, in step S01 shown in Fig. 4, a current limiting control is performed by 
the primary precharge portion 16. That is, the contact point of each relay of the 
high voltage switch 16a is opened, and the contact point of each relay in the 
current limiter 16b is operated such that the current output from the power 
storage unit 12 is output through a resistor 16c. 

Subsequently, in step S02, the contact point of the high voltage switch 16a 
is actuated, after the motor voltage V M ot and the terminal voltage Vfc reach an 
equilibrium state, that is, a state where V M ot □ Vst ± Vfc. 

Subsequently, in step S04, the fuel cell 11 is started. That is, the air 
compressor 15 is started, which is used for supplying air not only to the air 
electrode of the fuel cell 1 1 but also to the pressure control portion 22 as a signal 
pressure for supplying fuel to the fuel cell 11; thus, the energy of the power 
storage unit 12 is gradually reduced. 

Subsequently, in step S06, it is determined whether a value obtained by 
subtracting the terminal voltage Vst of the fuel cell 1 1 from the output voltage Vfc 
of the fuel cell 1 1 is higher than a predetermined voltage difference AV. 
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If the determination is "YES", then the flow proceeds to step S07, wherein 
the current control process steps after step S05 are carried out by limiting the 
current output from the DC-DC chopper 17a to a value lower than the 
predetermined value. 

In contrast, if the determination in step S06 is "NO", the flow proceeds to 
step S08, wherein a transient control mode is set, that is, the current output from 
the DC-DC chopper 17a of the secondary precharge portion 17 is set to a value 
corresponding to the amounts of hydrogen gas and air to be supplied to the fuel 
cell 1 1 . The series of control processes are completed. 

That is, for example, as shown in Fig. 5, when controlling the output 
current Ifc of the fuel cell 11 by the DC-DC chopper 17a of the secondary 
precharge portion 17, it is possible to adjust the time required for the output 
voltage Vfc of the fuel cell 1 1 and for the terminal voltage Vst of the power 
storage unit 12 to reach the equilibrium voltages (Vmot □ Vst * Vfc) by changing 
the duty ratio of the switching command input into the DC-DC chopper 17a. 

As described above, according to the control device 10 for starting the fuel 
cell vehicle, at the time of starting the fuel cell 1 1 , the current is output from the 
power storage unit 12 through a resistor 16c by the primary precharge portion 16 
disposed at the output side of the power storage unit 12, and it is possible to 
prevent generation of an in-rush current, corresponding to a large current rapidly 
flowing in a capacitor (for example, an electrolytic capacitor as shown in Fig. 1 ), 
which is provided in the control portion 23 of the PDU 14 or the air compressor 
15, or provided at the input side of the DC-DC converter 25. 
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In addition, after the load side voltage of the motor voltage V M ot becomes 
approximately the same as that of the terminal voltage Vst, by limiting the output 
current Ifc of the fuel cell 1 1 via the secondary precharge portion 1 7, it is possible 
to prevent a large current from rapidly flowing to the power storage unit 12, 
whose terminal voltage Vst is reduced by supplying power to the auxiliary 
devices for driving the fuel cell 1 1 such as the air compressor 15, and, therefore, 
it is possible to prevent an excessive reduction of the output voltage Vfc of the 
fuel cell 1 1 in the course of conversion of the terminal voltage Vst of the power 
storage unit 12 into an equilibrium voltage. 

In addition, the use of the DC-DC chopper 17a in the secondary precharge 
portion 17 allows for easy control of the output current of the fuel cell 11 by 
changing the duty of the pulse current input for controlling the chopping 
operation, and it is possible to reduce the time for the output voltage Vfc of the 
fuel cell 11 and the terminal voltage of the power storage unit 12 to reach an 
equilibrium voltage, while preventing an excessive reduction of the output voltage 
Vfc of the fuel cell 11. 

Even when the difference between the output voltage Vfc of the fuel cell 
11 and the terminal voltage Vst of the power storage unit 12 is large, the use of 
the DC-DC chopper 17a of the present embodiment is far more advantageous 
than the use of a contact point switch system such as the primary precharge 
portion 16 for outputting the current through the resistor 16c which switches the 
contact points to change the output path. This is because in the DC-DC chopper, 
there is no need to be concerned about the malfunction of the switching device 
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resulting from arc welding of the contact points when releasing the contact 
points. 

In the present embodiment, a chopper system using the DC-DC chopper 
is used as the current limiting circuit. However, the system for performing the 
current limiting control is not limited to the chopper system, and a variant such as 
a transistor-type current limiting circuit, or a depletion-type FET system current 
limiting circuit can be used. 

As described above, the first aspect of the present invention provides a 
control device for starting a fuel cell vehicle, and is capable of preventing a rapid 
reduction of the terminal voltage of the fuel cell by providing a current limiting 
device for limiting the output current at the time of starting the fuel cell. 

That is, it is possible to prevent an inflow of a large current from the fuel 
cell to the power storage unit whose terminal voltage has been reduced by 
consumption of energy for driving the fuel cell. While the limited current 
gradually charges the power storage unit, the terminal voltage of the power 
storage unit and the terminal voltage of the fuel cell are gradually converted into 
an equilibrium voltage with respect to each other. Thus, the evaporation of 
hydrogen or of the water content, or a decrease in the durability of the fuel cell 
can be prevented, so that the control device of the present invention contributes 
to lengthening the service life of the fuel cell. 

TECH/21 425 1.1 
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